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(54) Abstract Title 

A metal seal for a well-head assembly 



(57) A metal seal ring 43 for a well-head assembly 11, 25 
has upper and lower legs 44, 46 extending in opposite 
directions from each other and a rib 53 extending radially 
outward from a Junction of the legs to give the ring a 
T-shaped cross-section. A first conical band 47 on the 
upper leg 44 extends uninterrupted from the rib 53 a 
selected distance toward a tip of the upper leg 44. A 
second conical band 45 on the upper leg 44 extends 
uninterrupted from the tip of the upper leg 44 toward the 
first conical band 47. An annular recess 49 is located 
between the first and second conical bands 47, 45. The 
lower leg 46 also has two conical seal bands separated by 
a recess. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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GASKET WITH MULTIPLE SEALING SURFACES 
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This application claims priority from the provisional appMcatien Serial No. 
60/302.162. filed June 29. 2001 entitled "Gasket with Multiple Sealing Snt&ces". 
4 Technical Field 



5 The present invention telat«» in general to ractal4o«ctal seals, and in 

6 particular to an improved gasket for scaling between a wellhead housing and a 

7 wellhead connector. 

8 De$cription of the Prior Art 
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In oil and gas wellhead assemblies, tubular member aie connected end-to-end 
and sealed by a gasket or seal ring. One type of seal ri^, particularly used in subsea 
wellhead assemblies, is of metal and has upper and lower legs. A rib extends radiaQy 
outwaid from a junction of the legs. Each leg has a conical sealing surface that 
engagesaoonicalseatononeofthewellheadmembers. Tie conical sealing surfice 
is a continuous cone that extends ftom the tip ofthe leg to the rib. Tbe taper angle of 
the sealing surface is typicaUy slightly different that the taper angle of d>e seat, 
creating an interference mctal^metal sealing engagement A coating, such as a 

1 7 silver alloy, may be applied to the sealing suifece to enhance sealing. 

18 Ibis type of seal works welL However, iraprovements are desired in the 

19 ability of the seal to seal against high pressure gas over long periods of time. 

20 Sammai-y of the Invention 
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The seal of this invention has two oppositely eictending legs and a rib 
extending radially fiom the junction of the legs. A pair of sealing bands are located 
on at least one of the legs. TT»e sealing bands are separated by an annular recess. One 
of the sealing bands extends ftom the tip of the leg to the recess. Thz other extends 

25 from the rib to the recess. 

26 Preferably, the bands arc located in the same conical sur&ce of revolution. 
Hie taper angle is slightly smaUer relative to the axis of the seal ring, than the seat. 
This causes greater contact pressure in the sealing band located adjacent the tip than 
the one next to the rib. A coating of molybdenum sulfide is applied to the sealing 
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bands in the prefcn«d embodiment, lie recess has tapered upper and lower edges 
and in the piefeired embodiment, has a concave base. 

Preferably, both legs are identic^. However, one version of the seal has a 
contngem seal leg in the event the coni«a seat on the lower tubular niember is 
<iamaged. ll»e contingent seal leg has only a single sealing band, and it is loeated 
adjacent the tip and separated by as support section. The conlingeat seal ba«l is at a 
much steeper ai^le. relative to the axis of the seal ring, than the two seal bands on the 
opposite leg. 

Brief Descrip tion of Drawinff c 

Figure I is a sectional side view of a seal constructed in accordance with the 

present mvcntion and shown installed between » =,..111,^*^ v 

luiHuiea oeiwetti a wellhead housing and a wellhead 

connector. 

Figure 2 is an enbiged sectional view of the sea] of Figure 1 . 

Figure 3 is an a fiuther enlarged sectional view of a portion of the seal of 
F^urel, 

Figure4 is a sectional viewof an emergency embodiment of the seal of Figure 



Refemag to Pig. 1 , wellhead housing 1 1 has a bore 13 terminating on its upper 
end m a rim With an upward feeing shoulder 17. A conical prinuiy seat or sealing 
surfece 19 extends downward and hiward ftom shouldcrl7. Primary seal surfece 19 
has a lower nurginal edge that joins a secondary seat or seaU^^ Secondary 
surfece 2, is prefen.bly conical, also, but at a lesser angle relative to the axis of 
boze 13 than primary s«dsui^e 19. lower marginal edge of secondary seal 
surfece 21 joins a transition surface 23. The axial extent of secondary seal surface 21 
rs less than the axial extent of primary seal surface 19 in the preferred embodiment 
Transition surfece 23 is a c«nical surfece with a lower edge that joins bore 13 

A wellhead connector 25 will connect to wellhead housing 11. Wellhead 
~ 25 has a lower portion that slides over the exterior of weUhead housing 1 1. 
Wel^d 2S has . loddng member such as Cogs (not shown) that are 

0 1 moved into engagement with grooves fnot shown) 

fciuuvcs ^not snown) formed on the exterior of wellheed 

-2- 
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1 housing 11. Wellhead connector 25 has a bore 33 thai is coaxial with bow 13 A 
downward feeing shoulder 35 of wellhead connector 25 conta^ and bear, .gainst 
shoulder 17 of wellhead housing 11. A recess 37 is located radially inwarf ftom 

4 downward feeing shoulder 35. Recess 37 has an outer wall 38 that is cylindrical and 

5 coaxial with wellhead connector bore 33. A conical seat or scaling smfice 39 extenls 

6 upward and inward from recess 37. Conical sui&ce 39 has an upper maisinal edge 

7 that joins a t«nsition shoulder 41. Transition shoulder 41 is perpendicular to the axis 

8 of bore 33. 

9 A gasket or seal ring 43 locates between wellhead connector 25 and wellhead 

10 housingll. Seal ring 43 is generaUy T-shaped, and in this cmbodhnent has an upper 

11 «^^'>«g44andalowerlegorend46thataiesynnnetrical.Eachportionhasafirst 

12 ^^-•t'and 45 near one end and a second seal band 47 spaced fion. seal band 45by a 

13 recess 49. A rib 53 extends radially outward on the exterior of seal ring 43 Rib 53 

14 locates i. recess 37, with the outer side of rib 53 located inward fro» recess outer 

15 wan 38. 

Each first seal band 45 extends from a tip of its seal kg 44 or 46 toward rib 
53. Each second seal band 47 extends fiom rib 53 toward the tip of its seal leg 44 or 
46. In the preferred embodiment, nxcss 49 is located midway between the tip of each 
leg 44 or 46 and rib 53. Each seal band 45. 47 is substantially the samewidth in this 

embodiment 49 has a width that is selected to increase the contact pressures 
of seal bands 45. 47 against their seats. However, the widths of the seal bands 45, 47 
should be sufBciently large so as to avoid any leakage due to small scratches in the 
seal bands 45. 47 or seats that occur during mstallation. Preferably the width of each 
band 45. 47 is several times the width of recess 49. As shown in Fig.3. preferably the 
upper and lower edges of recess 49 are tapered. Also, recess 49 is preferably a 
continuous curved suifece. havit»g a concave base 49a formed at a radius. Recess 49 is 

27 fwly shallow, having a depth that is less than its width. 

28 Seal ring 43 is of metal aud is constructed so that its seal bands 45 47 
interferit^ly engage conical surfaces 39 and 19. Tbo interference causes ekstic'and 
permanent yielding when wellhead connector 25 connects to wellhead houstog 11 

elastic yielding of seal ring 43 provides the necessary sealing between seal bands 
32 • 45, 47 and conical seats 39 and 1 9, 
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1 In the embodiments of Figs, i and 2, each seal band 45, 47 is at the same 

2 conical angle relative to the axis ofseal ring 43 and on the same comMl surfed of 

3 revolution. This conical angle, however, is preferably slightly different ftom the 

4 angle of its seat 39 or 19 so as to create mote contact stress on the first conical band 

5 45 than the second conical band 47. Refiariflg to Figures 1 and 2, the angle 51 is 

6 smaUer lelative to the axis of sea! ri«g 43 than the angles of seats 39 and 19 of 

7 wellhead membeis 25 and 11. Suitable angles 51 are in the range ftom 22 to 45 

8 degrees. 

5 Referring again to Fig. 3, the metal body of seal ring 45 is preferably of high 

10 strength metal, such as a stamless steel havii^ a jdeM strength at least fiom 35 to40 

1 1 thousand pounds pei square inch. A coalmg 55 is foiroed on seal bands 45, 47 i„ 

12 order to enhance sealing. Aldiough shown on recess 49. the coating on rec«s 49 

13 serves no sealir^g purpose. Coating 55 is preferably molybdenum sulfide, hi the 

14 preferred method, seal bands 45. 47 are finished to a high degree of smoothness, such 

15 as 8 RMS. then thoroughly cleaned.. TTie molybdenum sulfide is coated on the 

16 smooth surface without sand blasting the underlying metal. This provides a very 

17 smooth soi&ce finish. 

18 Figure 4 shows a conttogent gasket SI in the event that primary seal surface 19 

19 of wellhead housmg 1 1 becomes damaged. Seal ring 81 has an upper seal surfece that 

20 is the saoie as in the other embodiments. It has a first seal band «4 and a second seal 

21 band 86 separated by a recess 83- lUe lower leg. however diffits and may be 

22 constructed as shown in US Pat 5.103,915. The lower leg has a support section 85 

23 that extends downward, overlying primary seal surface 19. Support section 85 is 

24 conical, at the same inclination as prima^ seal surfece 19. however may be at a lesser 

25 dimension so that it does not touch. Ihis results in a gap between support section 85 

26 and the damaged primary sealing surfiice 19. Under load, a portion of support section 

27 85 will deflect and touch primary seal surface 19. but not enough to cause sealing. 

2« A lower seal surfece 89 extends downward from support section 85. Lower 

29 seal surfece 89 inclines «lative to the axis of bore 13 at the same inclination as 

30 secondary seal surface 21. It is sized at a greater diameter so as to creau. an 

31 interference fit with secondary seal smfece 21. Seal ring 81 has an imier diameter 

32 •• with an upper portion 91a that is conical and leads to a central portion 9lb that is 
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cyluKincaK Cemral portion 91b leads to a lower portion 91c d,at is conical. Central 
portion 91b i. of greater toter than upper and lower portons 91a, 91c Tbis 
provides a recessed or concave inner diameter to assist in the fl«dbiHty of seal ring 

The invention has significant advantages. Tests have shown fliat a seal 
coi^tmcted as above ..as able to withstand more stringent pr^^ 
seals having only a single seal band and no recess. This is particularly important for" 
deepwater subsea well installations. 

*P«M. » ftose *M i. 4e «fe ^ « s™.^ , ^ ^ 

*-«.«a ^ve d.-. wi* „ of *. «^ ^Ti. i. 
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1 We claim: 

2 I, A metal seal, comprising: 

a ring having fust and second legs emending in opposite directions and a rib 
extending radially outward irom a junction of the legs; 

a sealing surfece on an exterior portion of each of the legs; 
the sealing surface on the first leg being a pair of conical bands separated by a 



3 
4 
5 
6 

7 recess. 
8 

9 



U the first leg to the recess. *^ 
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13 3^ The seal acco«iing to claim 1. whereh. the recess has upper and lower tapered 

14 edges. 

15 

16 4 ^^^^--dingtodaiml.wh^eineachofthcbandshasawidUithatisgre^^ 

17 than a widdi of the recess. 

18 

19 5. m seal according to claim 1. wherein each of the bands is inclined at the same 

^ corneal angle. 

21 

22 6. m seal according to daim 1, wherein each pf the bands is located in the same 

43 conical suifece of revolution. 

24 

25 7. The seal according to dam l,wherein; 

26 a fim one of the bands «rtcnds substantially fiom a tip of the first leg- 

27 ^^''^"'Jo^^ofAebandsexiendssnbstaatiallyftomtheribjand 

28 7^ ^^»^^^^^-«ned at the san« conical angle, and the conical angle i^ 

29 -'-^todiffer^maseatanglesoastocausegreatercontactpressurein^.efe^ 

30 one ofthe bands than the second one of the bands 
31 



8. The sea. according to cMm 1. wher^i. th. sealing su^ce .a the .econd W 

4 relative to the contingent sealW ^ 
5 
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9 10. A metal seal, comprising. 

other and a rib extendu>g „»dially outward fiom a junction of Ifae legs; 
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13 selected distance toward a tip of the upper leg; 

- '7'^«»'^->'-^-ti«'^%cxteading«uatea«^^ 
the upper leg toward the first conical band; and 

an anmOar recess located between tte fest a«i second conical bands. 

n . J. sea, acco^ to clain. 10. wherein a width of tiie recess is less than a wi'dth 
of the first corneal band and less than a M^dth of the second conical band. 

12. 11» seal according to claim 10, wherein the Brst and ^ ■ . v 
»!. . second conical bands are 

located m the same conical surface of revolution. 

13. The seal according to claim 10, wherein; 

the first and second corneal bands are located at the santc conical angle in the 
same conical surfecc of revolution; and 

ti. coni«I angle is selected to differ fiom a seat angle so as to cause a g^ 
contact pressure of the second conical band than the first conical band 

31 1^1^ """"" « 1- upper and lower tapered 

31 edges and a concave base. w wperra 
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1 15. ITk seal according to claim 10. whenan the lower leg has a contingent seal band 

2 extending from a tip of the lower leg toward the tib and separated ftom the rib by a 

3 support suffece that is at a substantially diffeienl angle relative to the contingent seal 



6 16. TTie seal according to claim 10. finther comprising a coating on each of fte bands 

7 of molydenum sulfide. 
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1 7. The seal according to claim 10, further comprising: 

a third conical band on the lower leg extending uninlemipted ftom the rib a 

1 1 selected distance toward a tip of the lower leg; 

12 a fourth conical band on the lower leg extending uninterrupted from the tip of 

13 the lower leg toward the third conical hand; and 

14 «»««»"lar recess located between the third and fourth conical bands 
15 

16 18. A well assembly, comprising: 

17 an upper tubular member havmg a rim and a conical seat located on an imjer 

18 sur&ce of the rim; 

19 a lower tubular member having a rim and a conical seat located on an inner 

20 surfeceofflie rim ofthe upper tubular member, 

21 a seal having an upper leg that has an outer sealing suifiice that seals against 

22 the seat of the upper tubular member, a tower leg that has an oufer scaling surfice that 

23 seals against the seat of the lower tubuUr member, and a rib that extends radially 

24 outward fiom a junction of the upper and lower legs; 

25 each of the sealing surfaces comprising two conical bands separated by an 
annular recess, with one of flie conical bands extending from a tip of 4e leg on which 
It ,s located toward the rib. and the other of the conical bands extending from the rib 

28 toward the tip of the leg on which it is located; 

29 the recess being smaller in width than the conical bands and having tapered 

30 upper and lower edges; 

31 the conical bands being at the same conical angle and i„ the same conical 

32 "surfiice of revolution; 
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1 the corneal angle of th? conical bands being slightly smaUer than a conical 

2 anglcofeachofthcseats.rdativetoanaxi8ofthenxbularn,einbets. soastocausea 

3 greater contact pressure wiA the conical band that begins at the tip than the conical 

4 band that begins at the rib. 
5 

6 19. The seal accordnig to claim 1 8. further comprising a coating on each of the 

7 conical bands of molydenum sulfide. 
8 
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